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[57] ABSTRACT 

A system for differentiating between cloud-to-cloud 
and cloud-to-ground lightning discharges which in- 
clude an electric field antenna that senses the rate of 
change of an electric field produced by a lightning 
discharge. When the signal produced by the electric 
field exceeds a predetermined threshold, it is fed to a 
coincidence detector. A VHF antenna it also provided 
and generates a video signal responsive to a cloud-to- 
cloud lightning discharge, and this signal is fed through 
a level sensor, an inverter, to the coincidence detector 
simultaneously with the signal from the field detector. 
When signals from the electric field antenna and the 
VHF antenna appear at the coincidence detector simul- 
taneously, such indicates that there is a cloud-to-cloud 
lightning discharge; whereas, when there is not a signal 
produced on the VHF antenna simultaneously with a 
signal produced by the field sensor, then a strike indica- 
tor connected to the coincidence detector indicates a 
cloud-to-ground lightning discharge. 

4 Claims, 3 Drawing Figures 
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LIGHTNING DISCHARGE IDENTIFICATION 
SYSITEM 

ORIGIN OF T^E INVENTION 5 

The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any jq 
royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 
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put to a strike indicator indicating that a cloud-to- 
ground lightning discharge occurred. 

Accordingly, it is an object of the present invention 
to provide a system for differentiating between cloud- 
to-cloud and cloud-to-ground lightning discharges. 

Another important object of the present invention is 
to provide a relatively simple and inexpensive circuit 
for differentiating between cloud-to-cloud and cloud- 
to^ground lightning discharges. 

These and other objects and advantages of the inven- 
tion will become apparent upon reference to the follow- 
ing specification, attendant claims, and drawing. 


Heretofore, detection devices have sensed the magni- 
tude and polarity of electric field changes associated J5 
with lightning discharges. Previous devices have been 
unreliable because the polarity of electric field change is 
dependent upon the location of the detector as well as 
the type of lightning discharge. This problem can be 
partially overcome by the use of a large number of 20 
sensors dispensed over a large area. The use of multiple 
sensors is, however, expensive and requires an extensive 
communications and analysis system. 

SUMMARY OF THE INVENTION 25 

The invention includes a system for differentiating 
between cloud-to-cloud and cloud-to-grbund lightning 
discharges. The system is based on concurrent measure- 
ments of the rate of change of the electric field pro- 
duced by the lightning discharge in the 1-KHZ to the 30 
2-MHZ frequency range and the level of radiation in 
the 30-50 MHZ frequency band. 

It has been observed that there is a large change in the 
electric field gradient and minimum VHF radiation 
associated with the initial phase of a return strobe pro- 
duced by a cloud-to-ground lightning discharge. How- 
ever, in a cloud-to-cloud lightning discharge, electric 
field changes and RF radiation in the 30-50 MHZ fre- 
quency band are produced. By providing circuitry to 
detect the presence of an electric field change that is not 
accompanied by substantial radiation in the 30-50 MHZ 
range, a device constructed in accordance with the 
present invention detects ground strikes and distin- 
guishes between the cloud-to-cloud and cloud-to- 
ground strikes. 

In order to accomplish this, the system constructed in 
accordance with the present invention includes an elec- 
tric field sensor which senses a change in the electric 
field responsive to a lightning discharge. This signal is 
fed to a level sensor which generates an output signal of 
a predetermined duration responsive to the electric field 
signal exceeding a predetermined threshold level. The 
output of the level sensor is, in turn, fed to a coincidence 
detector. A VHF antenna is provided for sensing 55 
changes of RF radiation and feeding such changes to a 
receiver that, in turn, is connected to the input of a level 
sensor. When the RF radiation signal exceeds a prede- 
termined level, a pulse is produced that is, in turn, fed 
through an inverter for being inverted and to another 50 
input of the coincidence detector. 

When the pulses from the electric field sensor and the 
VHF antenna are simultaneously fed to the coincidence 
detector, no output signal is produced by the coinci- 
dence detector indicating that there was a cloud-to- 65 
cloud lightning discharge. However, if only a signal is 
fed to the coincidence detector from the electric field 
sensor, then the coincidence detector produces an out- 


BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a system constructed in 
accordance with the present invention for differentiat- 
ing between cloud-to-cloud and cloud-to-ground light- 
ning discharges, 

FIG. 2 is a graphic illustration of signals produced 
when there is a cloud-to-ground lightning discharge, 
and 

FIG. 3 is a graphic illustration of the signals that are 
produced when there is a cloud-to-cloud lightning dis- 
charge. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring to FIG. 1 of the drawing, there is illus- 
trated an electric field sensor 10 which takes the form of 
an electric field antenna that senses the rate of change of 
an electric field produced by a lightning discharge. 
When the electric field change is positive and exceeds a 
predetermined threshold level, a level sensor 12 pro- 
duces an output pulse B of approximately 2 microsec- 
onds. A VHF antenna 14 is provided for sensing 
changes in RF radiation that is produced by cloud-to- 
cloud lightning discharges. The radiation pulses im- 
pinge upon the antenna 14 and produce video pulses at 
the output of a receiver 16. When the level of the pulses 
at the output of the receiver 16 exceed a predetermined 
level, such cause a level sensor 18 to produce a 2 micro- 
second pulse A on its output that is inverted by an in- 
verter 20. 

The output pulses from the level sensor 12 and in- 
verter 20 are fed into a pulse coincidence detector 22. 
The coincidence detector 22 produces an output when 
there is a signal B produced a positive electric field 
change (that exceeds the threshold level) and there are 
no VHF pulses A that exceed the threshold level set by 
level sensor 18. Connected to the output of coincidence 
detector is a strike indicator 24 which may be in the 
form of any condition responsive device such as a light, 
recorder, etc. to receive the signals from the coinci- 
dence detector indicating a lightning discharge. 

In FIG. 2, there is illustrated the type of signal that is 
received when there is a cloud-to-ground lightning 
discharge. As illustrated, there is a substantial change in 
the electric field that is sensed by the field sensor 10 
while there is very little change in the RF radiation 
signal received by the VHF antenna. 

In FIG. 3, there is graphic representation of the sig- 
nals produced by a cloud-to-cloud lightning discharge. 
When there is a cloud-to-cloud lightning discharge, the 
electric field changes and is sensed by the electric field 
sensor 10 and there is a substantial change in the RF 
radiation that is received by the VHF antenna. When 
this occurs, the signals produced by these two changes 
in electric field and RF radiation, respectively, cancel 
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each other out in the coincidence detector 22 producing 
no signal on the strike indicator 24. 

The strike indicator 24 produces an output signal 
when there is a cloud-to-ground discharge such as illus- 
trated in FIG. 2. 5 

While a preferred embodiment of the invention has 
been described using specific terms, such description is 
for illustrative purposes only, and it is to be understood 
that changes and variations may be made without de- 
parting from the spirit or scope of the following claims, 10 

What is claimed is: 

1. A system for differentiating between cloud-to- 
cloud and cloud-to-ground lightning discharges com- 
prising: 

(a) an electric field sensing means generating an elec- 15 
trie field signal responsive to a lightning discharge; 

(b) a level sensor means connected to said electric 
field sensing means generating an output signal of a 
predetermined duration responsive to said electric 
field signal exceeding a predetermined threshold 20 
level; 

(c) a coincidence detector connected to receive said 
output signal from said level sensor means; 

(d) a VHF sensing means generating a signal respon- 
sive to a cloud-to-cloud lightning discharge; 

(e) means connected between said VHF sensing 
means and said coincidence detector for supplying 
a signal to said coincidence detector responsive to 
said VHF sensing means generating a signal re- 
sponsive to a cloud-to-cloud lightning discharge; 30 

(0 indicator means connected to said coincidence 
detector indicating a cloud-to-cloud lightning dis- 
charge when said coincidence detector simulta- 
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neously receives signals produced by said electric 
field sensing means and said VHF sensing means, 
and 

(g) said indicator means indicating a cloud-to-ground 
lightning discharge when said coincidence detec- 
tor only receives a signal produced by said electric 
field sensing means. 

2. The system as set forth in claim 1 wherein said 
electric field sensing means comprises: 

an electric field antenna which senses the rate of 
change of the electric field produced by a lightning 
discharge. 

3. The system as set forth in claim 1 wherein said 
VHF sensing means comprises: 

(a) a VHF antenna, and 

(b) a receiver means connected to said VHF antenna 
producing video pulses responsive to a cloud-to- 
cloud lightning discharge. 

4. The system as set forth in claim 3 wherein said 
means connected between said VHF sensing means and 
said coincidence detector comprises: 

(a) a level sensor means connected to said receiver 
means generating an output signal of a predeter- 
mined duration responsive to said video pulses 
produced by said receiver means exceeding a pre- 
determined level, and 

(b) an inverter means connected between said level 
sensor means and said coincidence detector for 
inverting said output signal produced by said level 
sensor and supplying said inverted signal to said 

coincidence detector. 
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